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§9. Preparation of New ECH Power 
Transmission System 
Yo~himura, ~·· Kubo, S., Kobayashi, S., Shimozuma, T., 
Ide1, H., Tak1ta, Y., Ito, S., Mizuno, Y., Ohkubo, K. 
Components of a new power transmission system 
have been prepared for future higher power experiment, 
together with new gyrotrons. During the time before LHD 
5th experimental campaign, those components will be 
constructed for ECH power injection at LHD 1.5L port. 
Also a new antenna system inside LHD vacuum vessel will 
be prepared in the same time. 
The new transmission system is totally evacuated 
from gyrotron output window to LHD vacuum window by 
two turbo pumps. One of the turbo pumps is set near the 
gyrotron and evacuates the transmission system through 
evacuation port on matching optics unit (MOU). Another 
one evacuates through evacuation-waveguide set at the 
middle of the transmission line. By the evacuation, arcing 
problem inside the waveguides will be reduced. 
The transmission system consists of straight 
waveguides, 10 miterbends (90 degree comers), two 
waveguide switches, two RF gate valves, two DC breaks, 
two evacuation waveguides, vacuum window, MOU and 
two dummy loads. 
Two mirrors in the MOU are designed to shape the 
output beam profile from gyrotron so that the beam 
smoothly couples with 31.75mm inner diameter waveguides 
as a waveguide transmission mode HEll. 
The waveguide switches can introduce mm-wave 
power to water dummy loads. The dummy loads endure 
lMW/ 10 second pulses and that is enough for 800kW/ 3 
second gyrotron. A pair of waveguide switch and dummy 
load is set next to the MOU. By switching power to the 
dummy load, gyrotron can be operated for conditioning. 
Another pair is set at LHD hall basement by which most of 
components of the transmission system can be conditioned 
for power transmission. Each of MOU and dummy loads 
has circuit for power measurement. Total gyrotron output 
power, coupling power to the waveguide after MOU (loss 
power in the MOU, or coupling efficiency), transmitted 
power (loss power at transmission system, or transmission 
efficiency) can be evaluated by those circuits. 
Some of the miterbends have additional functions 
such as polarizer, power monitor and arc detector. A set of 
polarizers can change the direction and mode of 
polarization. Power monitors are used for power evaluation 
and confirmation of polarization state. Arc detectors watch 
the lights in case of arcing in the MOU, at the miterbend 
mirrors (especially at the surface of polarizer mirrors) and 
at the vacuum window. By detecting the lights from arcing, 
arc sensor circuits stop power supply for gyrotrons so that 
damage by arcing can be minimized. 
The material of the vacuum window disc is chosen as 
CVD diamond. Diamond disc has very low loss against 
mm-wave transmission and very good thermal conductivity. 
These properties are necessary for high power density 
transmission by 31.75mm inner diameter waveguides. 
At the connection part to LHD, the inner diameter of 
waveguide is tapered up to 63.5mm and the 63.5mm 
waveguide is inserted into 1.5L port flange. Transmitted 
power is launched from the mouth of the waveguide and 
propagates vertically to the first mirror of antenna system 
inside LHD vacuum vessel. The first mirror is a focusing 
mirror and the second one is a flat mirror which can be 
steered in two directions. The beam from the steering mirror 
can cover most of plasma poloidal cross section (from 
R=3230mm to R=4336mm) and can aim next horizontally 
elongated cross sections, if beam interference with 
complicated vacuum vessel is not considered. Preparing for 
future establishment of the second power injection line at 
1.5L port, another pair of focusing mirror and steering flat 
mirror will be set on the same antenna frame. 
Shape of the focusing mirror surface is designed so 
that the beam is a circular gaussian beam with waist size of 
30mm at plasma midplane (Z=O). Because 86.5% of beam 
power is concentrated inside the 30mm radius, localized 
power deposition control experiment is available. 
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A schematic view of 1.5L antenna and transmission system 
near 1.5L port. 
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